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Original Article

Purpose: We evaluated the effectiveness and safety of ipsilateral radiotherapy for the patient with well lateralized tonsil cancer: 
not cross midline and <1 cm of tumor invasion into the soft palate or base of tongue.
Materials and Methods: From 2003 to 2011, twenty patients with well lateralized tonsil cancer underwent ipsilateral 
radiotherapy. Nineteen patients had T1-T2 tumors, and one patient had T3 tumor; twelve patients had N0-N2a disease and eight 
patients had N2b disease. Primary surgery followed by radiotherapy was performed in fourteen patients: four of these patients 
received chemotherapy. Four patients underwent induction chemotherapy followed by concurrent chemoradiotherapy (CCRT). The 
remaining two patients received induction chemotherapy followed by radiotherapy and definitive CCRT, respectively. No patient 
underwent radiotherapy alone. We analyzed the pattern of failure and complications.
Results: The median follow-up time was 64 months (range, 11 to 106 months) for surviving patients. One patient had local failure 
at tumor bed. There was no regional failure in contralateral neck, even in N2b disease. At five-year, local progression-free survival, 
distant metastasis-free survival, and progression-free survival rates were 95%, 100%, and 95%, respectively. One patient with 
treatment failure died, and the five-year overall survival rate was 95%. Radiation Therapy Oncology Group grade 2 xerostomia was 
found in one patient at least 6 months after the completion of radiotherapy.
Conclusion: Ipsilateral radiotherapy is a reasonable treatment option for well lateralized tonsil cancer. Low rate of chronic 
xerostomia can be expected by sparing contralateral major salivary glands. 
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Introduction

In several pathologic studies for tonsil cancer, the rate of 
occult lymph nodes metastasis in the contralateral neck has 
been reported about 15%, and this rate is significantly higher 
in T3 and T4, up to 20%–30% [1,2]. For the patient with tonsil 
cancer, conventional radiotherapy (RT) has routinely encom
passed the bilateral neck, using parallel opposite bilateral ports 
[3]. In this technique, salivary glands on both sides cannot be 

spared, so xerostomia is a major complication of RT for tonsil 
cancer. With the development of a precise RT technique, it 
is possible to spare at least one parotid gland. Limited RT to 
ipsilateral neck is another option for sparing salivary glands. 
Ipsilateral RT can spare the parotid and submandibular glands 
on the contralateral side, and this can contribute to less severe 
treatment-related xerostomia [4-6].
  The concern about regional failure in the contralateral neck 
might be a major hurdle of ipsilateral RT. On the contrary, 
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Perez et al. [7] reported that well lateralized tonsil cancer has a 
low incidence of contralateral neck metastasis. Generally, less 
than 1 cm of medial extension to the soft palate or to base of 
tongue (BOT) is accepted as well-lateralized tonsil cancer [8,9]. 
O’Sullivan et al. [9] reported a long-term result of ipsilateral RT 
in tonsil cancer, and the rate of opposite neck failure was very 
low, 3.5%. Jackson et al. [10] reported a similar failure rate of 
2.6% in the contralateral neck for patients with tonsil cancer 
receiving ipsilateral RT. Thereby ipsilateral RT has been adopted 
as a practice in selected patients with well lateralized tonsil 
cancer.
  In our institution, selected patients with well lateralized tonsil 
cancer have received ipsilateral RT since 2003, using three-
dimensional radiotherapy (3D-CRT) or intensity-modulated 
radiotherapy (IMRT). The purpose of this study was to evaluate 
the effectiveness and safety of ipsilateral RT for patients with 
well lateralized tonsil cancer, by analyzing the patterns of 
failure and complications.

Materials and Methods

A total of 25 patients with tonsil cancer underwent ipsilateral 
RT from 2003 to 2011 at the Department of Radiation Onco
logy, Seoul National University Hospital. Of these patients, 
5 patients who had T4 or N3 disease were excluded in this 
study, because ipsilateral RT was performed as palliative aim. 
Decision of ipsilateral RT or bilateral RT was made by following 
guidelines: not cross midline and <1 cm of tumor invasion 
into the soft palate or BOT. For pretreatment imaging work up, 
neck computed tomography (n = 18) or magnetic resonance 
imaging (n = 11) was performed in all patients, and positron 
emission tomography using fluorine-18 2-deoxy-D-glucose 
tracer was obtained in 14 patients. Medical records were 
reviewed with the approval of the Institutional Review Board 
(1108-139-376). Nineteen patients had well lateralized T1 or T2 
tumors, whereas one patient had T3 tumor. None of patients 
had neck node metastasis in the opposite site of primary 
tumor, and eight patients (40%) had N2b disease. Patient 
characteristics are listed in Table 1.

1. Radiotherapy
Fourteen patients (70%) received 3D-CRT and six patients (30%) 
received IMRT. Definitions of clinical target volume (CTV) were 
as follows: primary tumor or tumor bed with 5-mm margin 
as CTV1, the level of involved neck node and retropharyngeal 
node as CTV2, and next echelon of involved neck node level as 

CTV3. Lower neck nodes (level IV) were treated in 12 patients. 
Especially, all patients with N2b received lower neck irradiation. 
The XiO RT planning system (Elekta CMS, Stockholm, Sweden) 
was used for 3D-CRT. In IMRT, the Eclipse system (Varian 
Medical Systems, Palo Alto, CA, USA) was used for inverse 
treatment planning. Planning target volume (PTV) had a 3-mm 
margin from CTV being similarly defined as in 3D-CRT.
  We prescribed a dose to CTVs in 3D-CRT and PTVs in IMRT, 
for delivery of more than 97% of the prescribed dose to 97% 
of the target volumes [11]. The prescribed dose to CTV1/PTV1 
was, for patients with definitive RT, median 70 Gy (range, 66 
to 70 Gy) in 3D-CRT with the daily dose of 2Gy and 67.5 Gy 
in IMRT with the daily dose of 2.25 Gy (Table 2). For patients 
with postoperative RT, median 66 Gy (range, 66 to 70 Gy) in 
3D-CRT with the daily dose of 2 Gy and 63 Gy in IMRT with 
the daily dose of 2.25 Gy were prescribed to CTV1/PTV1. Three 
to four fields of 6 MV photon beams were used in 3D-CRT, and 
five to six fields of 6 MV photon beams were used in IMRT. 

Table 1. Patient characteristics

           Characteristic	 Value

Age (yr), median (range)	                        54 (38–78)
Sex	
  Male	 18
  Female	   2
ECOG	
  0	   6
  1	 14
Differentiation	
  Well	   2
  Moderately	   8
  Poorly	   6
  Undifferentiated	   3
  Unknown	   1
T (tumor)	
  T1	   7
  T2	 12
  T3	   1
N (lymph node)	
  N0	   2
  N1	   8
  N2a	   2
  N2b	   8
Stage	
  II	   1
  III	   9
  IVA	 10

ECOG, Eastern Cooperative Oncology Group. 
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The following criteria were used for organs at risk: <20 Gy to 
half of the parotid gland, <54 Gy to the brain stem, <45 Gy to 
the spinal cord, and <50 Gy to the optic chiasm and the optic 
nerve.

2. Surgery
Surgery followed by RT was performed in fourteen patients 
(70%): 3 received extended tonsillectomy, 5 received neck 
dissection, and 6 received extended tonsillectomy and neck 
dissection. Diagnostic tonsillectomy was not regarded as a 
radical surgery. Modified radical neck dissection was performed 
in 10 patients, and supraomohyoid dissection was done 
in 1 patients. Induction chemotherapy before surgery was 
given in two patients, and one of these patients underwent 
chemotherapy concomitantly with postoperative RT either. 
Two patients received concurrent chemoradiotherapy (CCRT) 
following surgery. Postoperative chemotherapy was considered 
when adverse feature exists, such as positive resection margin, 
extracapsular extension, or multiple lymph nodes involvement. 
Other ten patients underwent postoperative RT only. 

3. Chemotherapy
Definitive RT was performed in 6 patients (30%): 1 underwent 
induction chemotherapy followed by RT, 1 had CCRT, and 4 
received induction chemotherapy and CCRT. Three cycles of 
induction chemotherapy was given, and regimens were as 
follows. Docetaxel 70–75 mg/m2 (day 1) and cisplatin 75 mg/
m2 (day 1) in every 3 weeks; paclitaxel 175 mg/m2 (day 1) and 
cisplatin 75 mg/m2 (day 1) in every 3 weeks; 5-fluorouracil 
(FU) 1,200 mg/m2 (day 1–4) and cisplatin 40 mg/m2 (day 1–2) 
in every 3 weeks; docetaxel 70 mg/m2 (day 1), cisplatin 40 
mg/m2 (day 2–3), and 5-FU 1,200 mg/m2 (day 1–3) in every 3 
weeks. During RT, cisplatin 30–35 mg/m2 (day 1) was delivered 
concurrently, in every week.

4. Complications
The Radiation Therapy Oncology Group (RTOG) morbidity scor
ing system was used to grade complication. Xerostomia or 
mucositis which occurred during RT or within 3 months after 
the completion of RT were defined as acute complications, 
thereafter being graded as chronic complications. 

5. Statistical analysis
All statistical analyses were performed with SPSS ver. 18.0 (SPSS 
Inc., Chicago, IL, USA). To calculate survival rates, the Kaplan-
Meier method was used. The univariate analysis was not per
formed, because there were insufficient events for analysis. 

Results

The median follow-up time was 64 months (range, 11 to 106 
months) for surviving patients. Of the twenty patients, 1 had 
local recurrences. At 5-year, local progression-free survival 
(LPFS), distant metastasis-free survival (DMFS), and progre
ssion-free survival (PFS) rates were 95%, 100%, and 95%, 
respectively. One patients with treatment failure died, and the 
5-year overall survival (OS) rate was 95%.

1. Local failure
The patient with local recurrence had a pT2N2b disease: right 
tonsil mass and metastatic neck nodes in the right neck node 
level Ib and II. This patient underwent induction chemotherapy 
(docetaxel, cisplatin, and 5-FU) followed by right tonsillectomy 
and modified radical neck dissection. Thereafter this patient 
received CCRT with cisplatin: 70 Gy to CTV1 (tumor bed and 
right neck node level I) and 50 Gy to CTV2 (right neck node 
level II). With 3 months of follow-up time after the completion 
of RT, local recurrence occurred in the right tonsil (tumor bed) 
(Fig. 1). This patient expired about 1 month after the initiation 
of chemotherapy as a salvage treatment. 

Table 2. Prescribed dose

Technique Aim No.
Dose (Gy), mean (range)

CTV1 CTV2 CTV3

3D-CRTa)	 Definitive	 5	 70 (66–70)	 54 (54–60)	 44 (0–50)
	 Postoperative	 9	 66 (66–70)	 54 (50–60)	 44 (0–50)
IMRTb)	 Definitive	 1	 67.5	 54	 48
	 Postoperative	 5	 63	    56 (54.6–56)	 47.6 (0–50.4)

CTV, clinical target volume; 3D-CRT, three-dimensional radiotherapy; IMRT, intensity-modulated radiotherapy.
a)The fractionation numbers were 35 and 33 for definitive and postoperative aims, respectively. b)The fractionation number was 30. 
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2. Complication
During RT, six patients (30%) noted grade 3 mucositis: 4 recei
ved 3D-CRT and 2 received IMRT; 3 underwent primary surgery 
and 3 underwent definitive RT. Grade 2 xerostomia was found 
in one patient (5%), at least 6 months after the completion 
of RT. This patient with chronic xerostomia received induction 
chemotherapy and CCRT. 

Discussion and Conclusion

The limited irradiation to the ipsilateral neck has been 
accepted as resulting in effective and favorable outcomes 
for well lateralized tonsil cancer [9,10]. However, there is no 
randomized control study about ipsilateral RT for tonsil cancer. 
Recently a prospective study of ipsilateral neck RT for node 
positive tonsil cancer published, while the median follow-
up time was relatively short, 19 months [12]. In the present 
study, we report treatment outcomes of ipsilateral RT for tonsil 
cancer, with a long-term follow-up time.
  O’Sullivan et al. [9] performed a pioneer study of ipsilateral RT 
for 228 patients with well lateralized tonsil cancer. A total of 
eight patients (3.5%) experienced opposite neck failure, and 38 
patients (17%) experienced ipsilateral neck failure. Ipsilateral 
neck control was not as good as contralateral neck control. 
Particularly in seven patients with T4 disease, ipsilateral neck 
failure was seen in three patients (43%). Worse local control 
might result from a less precise RT technique; since the two-
field wedged-pair technique was the standard, and CT planning 
was not used in this study. Also, the majority of patients 
received a relatively low dose of 50 Gy to primary lesion; this 
could be another reason for worse local control. Another 
pioneer study by Jackson et al. [10] reported the results of 178 
patients who underwent ipsilateral RT for well lateralized tonsil 

cancer. Two or three wedged fields without target delineation 
were used, and the most common dose was 60 Gy in this 
study. Clear relationship of treatment results and T stage was 
manifested. Locoregional control rates were 91% in T1, 74% 
in T2, 51% in T3, and 53% in T4 patients. Local control rates 
showed similar results, 94% in T1, 79% in T2, 58% in T3, and 
56% in T4. Authors suggested that more effective RT to deal 
with the primary disease could improve treatment results of 
ipsilateral RT.
  In the present study, the five-year local and regional prog
ression-free survival rates were 95% and 100%, respectively. 
The improvement of local and regional control, compared 
to past studies [3,9,10], was attributable to the development 
of precise RT techniques. In our study, most patients (76%) 
received 3D-CRT and others (24%) received IMRT. Several 
studies of ipsilateral RT for oropharyngeal cancer, using 3D- 
CRT or IMRT, showed similar outcomes as our study [12-
15]. Both RT techniques can improve target coverage by 
tailoring isodose lines, thereby increasing locoregional control. 
Enhanced locoregional control might contribute better cont
ralateral neck control and survival. Cerezo et al. [15] reported 
the results of ipsilateral RT using 3D-CRT for oral and oropha
ryngeal cancer patients. The total dose prescribed to the pri
mary tumor was 66–70 Gy for definitive setting and 54–64 
Gy for adjuvant setting. With a median follow-up time of 58 
months, there was no locoregional recurrence. Furthermore, 
IMRT can provide improved target coverage compared to 2D-
RT and 3D-CRT by employing an inverse treatment planning 
system and optimizing dose distribution in head and neck 
cancers [16-18]. IMRT can make a steep dose gradient between 
the PTV and the planning organ at risk volume. In the MD 
Anderson Cancer Center, 102 patients with tonsil cancer were 
treated with ipsilateral RT, and 67 patients underwent IMRT 
[14]. With the median follow-up time of 39 months, there was 

Fig. 1. (A, B) Patients with pT2N2b 
disease in the right tonsil. This 
patient underwent induction che
motherapy followed by tonsille
ctomy and modified neck dissection. 
Concurrent chemoradiotherapy was 
done as an adjuvant. Three months 
after the completion of radiotherapy, 
local failure occurred in the right 
tumor bed.
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no recurrence in the primary site or ipsilateral neck.
  Lim et al. [2] reported a pathologic result of contralateral 
elective neck dissection in tonsil cancer patients with clinically 
negative contralateral neck nodes. In this study, pathologically 
positive contralateral neck lymph nodes were found in 21% 
of patients with positive ipsilateral neck nodes (7 of 33). Six 
patients with contralateral occult metastasis had T3 or T4 
disease. Authors suggested elective neck treatment in patients 
with tonsil cancer greater than T3. O’sullivan et al. [9] included 
107 tonsil cancer patients with invasion into the palate or BOT. 
Most of contralateral neck failures (6 in 8 patients) occurred 
in these patients. Excluding these patients, contralateral 
neck failures were found in 2 patients. All of patients with 
contralateral neck failure had N1 disease. Authors recom
mended ipsilateral RT in patients with small amounts of 
medial extension (no more than 1 cm) to the palate or BOT. 
Neck nodes involvement was regarded to have a modest risk 
of contralateral neck failure. However, it should be noted that 
positive ipsilateral neck nodes patients had more extensive 
primary lesion. 
  In the contrast, Chronowski et al. [14] reported only 2 cases 
of contralateral neck failures in 102 patients with tonsil cancer 
treated with ipsilateral RT. In this study, none of the included 
patients had BOT invasion, while 22% of patients had N2b 
disease. Two patients with contralateral neck failure had 
T2N0 and TxN0 disease. In a prospective study of ipsilateral 
RT for tonsil cancer by Rusthoven et al. [12], there was no 
contralateral neck failure even though most of patients (16 
of 20) had N2a or N2b disease. However this study included 
patients with no evidence of BOT or palate. Cerezo et al. [15] 
reported no contralateral nodal recurrence in patients with 
<1 cm of medial extension to the palate or BOT, while 10% 
and 25% of patients had T4 and N2a-b disease, respectively. 
In summary, ipsilateral RT showed favorable contralateral 
neck control even in tonsil cancer patients with positive neck 
nodes, when tumor invasion into the palate or BOT was not 
exist or confined less than 1 cm. In our study, similar with 
aforementioned studies, patients with extensive invasion into 
the palate or BOT were excluded, while patients with T3 or 
N2b disease were included. This could be a reason of excellent 
contralateral neck control of our study. 
  The major benefit of ipsilateral RT is to spare salivary glands 
on the opposite side. In our data, only one patient (4%) noted 
grade 2 xerostomia; others had grade 1 or lower xerostomia. 
This is a very favorable result, considering approximately 
20%–30% rates of chronic xerostomia reported in prospective 

IMRT studies for oropharyngeal cancer [19,20]. Eisbruch et al. 
[21] compared salivary flow rates and scores of xerostomia-
specific questionnaire (XQ) in the patients with head and 
neck cancer who underwent bilateral IMRT and ipsilateral RT. 
After RT, xerostomia improved over time, being attributed to 
salivary production from spared major salivary glands. The 
improvement was faster in patients with ipsilateral RT, while 
the difference narrowed at two years after RT. Saarilahti et 
al. [22] performed a study of 36 patients with head and neck 
cancer. All patients received IMRT sparing at least one parotid 
gland, and the contralateral SMG (cSMG) was spared in 16 
patients. After 12 months of IMRT completion, unstimulated 
salivary flows were 60% and 25% of the baseline in patients in 
which the cSMG was spared and not spared (p = 0.006). Grade 
2 or 3 xerostomia was less reported in patients with cSMG 
spared (p = 0.018). 
  About two-thirds of unstimulated salivary flow comes from 
the SMG, which produces mucinous saliva, contributing 
relief for subjective symptoms of xerostomia [23]. Generally, 
ipsilateral RT can spare the cSMG as well as the contralateral 
parotid gland, while bilateral RT may not sufficiently spare 
the cSMG when adjacent to target volumes. Additionally, 
improvement of other RT-related morbidity, such as dysphagia, 
could be expected in ipsilateral RT [4]. This can be explained by 
the volume effect of the upper aero-digestive tract which is 
involved in the swallowing process: to omit contralateral neck 
irradiation in ipsilateral RT rather than to use dose constraint 
in IMRT [24]. 
  In conclusion, ipsilateral RT is a reasonable treatment option 
for well lateralized tonsil cancer. There was no regional failure 
in contralateral neck, even in N2b disease. A low rate of 
chronic xerostomia can be expected by sparing contralateral 
major salivary glands. Though our results with long-term 
follow-up time are promising, the limitations such as small 
number of patients and heterogeneous characteristics should 
be validated in a large randomized study.
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